fo pOcuMENF RESOME | 
‘ep 20807 tm 810 6 
SyurmoR- - . Snow, Richard BT 
“STITLE a Aptitudes and Instructional Methods: Research on 
a ek _ ‘Individual Differetices in Learning-Related. Processes. 


a: . Final Report 1975-1979, Aptitude Research Project. 

INSTITOTION: . Stanford Gniv., Calif..School of Education... 
‘SPONS. AGENCY Advanced Research Projects Agency (DOD), Washington, 
a -DeCezs Office of Naval’ Research, Washington, D.C. 


ov, st." personnel ag@ Training Branch. - | : 
PUB.DATE.. = Sep 80 
CONTRACT. °, N00014-75-C-0882° | 
NOTE 4) HOp. a. ae 
\gpRrs PRICE ..- MPO1/PCO2 Plus Postage.  —j 


DESCRIPTORS - Academic Ability: *Aptitude Treatment Interaction: 
; _ “" Cognitive Ability: *Cognitive Processes; *Individual 


‘Differences: *Learning Processes _ 


ABSTRACT = = - > — . a a eS i 

= * i . .° Research on aptitude-instructional treatment 
interactions has shown that the relation. of general ability to , 
- learning tends to increase as instruction places increased == © 4% 
information processing burdens on learners and to decrease'as.... ‘ 
instruction is designed to redtce the information processing demands 
on learners. This report summarizes a research project aimed at’. 


. exploring and analyzing this result. more deeply, through continued 


‘ 


| Literature. reviewing, experimental studies of individual differences 


in. information processing during cognitive ability test. performance, 

- and instructional studies of ability-learning ‘relationships. The | 

* vesearch included eye movement measurement during cognitive 

performance and introspective reports of strategies following. - — 

“cognitive performance,:in addition to conventional measures of error | 

“and latemcy. The principal implication of this ‘project's exploratory -. 
work was ‘that a cognitive process~based theory of aptitude for - 

. learning ‘from instruction could be attainable, if continued research. | 

- could clarify the role of executive assembly and control processes in 

" aptitude -and learning task. performance. (Author) 7 to wt * Ce 


¢ 


«% 


7 i 8 2 

. ”y 
enn nnrEnr sre rrrrrrrrrcrr rer errtrrrtr ti 
*. - Reproductions supplied by ZEDRS are the best that can be nade has 
ae on -from the original document... = - 2 


eT TTT TT TT TT Teer Tere T Tt tt tee Lat 


@ go Ae ¢.° ey iy = 
ERIC ee By ian oP Bh Bey 


A § O 


- APTITUDES AND INSTRUCTIONAL METHODS: /_. 
RESEARCH ON INDIVIDUAL DIFFERENCES 


ED 204407 


a; . IN LEARNING-RELATED PROCESSES | 
a es eo ee : : Ss ‘ : ; ee carrrurc or EDUCATION oaks 
. i a ee EDUCATIONAL RESOURCES INFORMATION 
\ a ee =e 3 ; "+ CENTER TERIC) ° 


: ee. : - $f Tha. document as boon eroded 
nae: aca tel ed ie mee — 
a eee: a te 0 Mier changes tas bean made to in 

: . - itt sity. 


ge ee 2 * ; cf : : -_ oie oo 
co cgRegiey os |BINAL REPORT 1975-1979 Ky 
oe APTITUDE RESEARCH PROJECT ie ey,’ 
Coa ‘SCHOOL OF EDUCATION - — , 
% . STANFORD UNIVERSITY. _ ‘ 
. ee H Dar’) . r 
i ‘ a A . wv 
= Ssenaied by ae ; —_ 
" Beane! and Training Research Programs _ APERMISSION'TO poser ouse THIS 
ic. * Psychological Sciences Division . “MATERIAL HAS BEEN GRANTED BY | 
i = = ' Office of Naval Research -— o My ., Of, = £ oo 
ry , . ’ < . . . “aoa . i | . , — . - F $ 
o Advanced Research Pacem panes - ig > —MadeS Kesiewct, mana =e 
. under . "TO THE EDUCATIONAL RESOURCES * 
Contract No. NO0014-75-C-0882 _. ",__ INFORMATION CENTER (ERIC). 
: ; by \ v = { 
3 ye a 
: Q : _ Approved for public release; distribution unlimited. 
~~ Reproduction in whole or in part is permitted for: 
> any purpose of the United States Government. > 
ee ee _ SEPTEMBER 1980 
- a. an - eg, 4 7 


‘<) 
ERIC 


2% : . een : 
on 7 . ¥ . ‘ = i . ; * . i . ; 
: ‘ ee ; z : . 


. @ * APTITUDES AND INSTRUCTIONAL METHODS: | 
RESEARCH ‘ON INDIVIDUAL DIFFERENCES IN LEARNING-RELATED ‘PROCESSES | 


0 


on 


RICHARD EE. SNOW Sst 


° 7 : 2. 
FINAL REPORT 1975 - 1979 , | 
APTITUDE RESEARCH PROJECT =~, Fae 

09% OF EDUCATION - | 
ORD UNIVERSITY 


>a 
t 
4 s. 


ae Sponsoiéd oo 


" Personnel and Training ‘Research Programs 
Psychological. Sciences Division 
office of Naval Research | 
= - and Oe 
Advanced neers Agency: , 
. under 
Contract No.. N00014-75-C-0882 


» 


' The. ilews and’ conclusions contained’ in this document are 
_. + those of the author and should not be interpreted as — 

a necessarily representing. the official policies, either | ve 
expressed or implied, of the Office of Naval Research, © = 
the ‘Advanced Research Projects Office, or the U. 85: Government. 
Rpptoved for public release; ‘distribution uni ind ted . 
Reproduction: in whole or in part is permitted for any 

- em purpose of the United States Government. 


° 


‘ ee ne 8 eg a 


a 


SEPTEMBER 1980 


oe 


re) 
ERIC 


“ue 


SECURITY CLASSIFICATION OF THIS PAGE (men Data Entered) | 


ot READ INSTRUCTIONS. 
~ REPORT: DOCUMENTATION PAGE BEFORE COMPLETING FORM 
: REPORT NUMBER” es aa . : 2. coum ACCESSION ahd 3. RECIPIENT'S CAP ACOGHUMBEN, 
Final - I Pg se , 


“fa, TITLE (and Subite) : ; : : ; [vee Wr REPORT @ PERIOD COVERED” 


_» APTITUDES « “AND. ‘INSTRUCTIONAL METHODS: nee Final Report . 
Research. ‘on Individual: Differences in — 


Learning-Related Processes Final 


- AUTHOR STS | 8 CONTRACT OR GRANT NOMBERC®) 


Richard E.-Snow NO00L4-75-C-0882 


aA 


2 PERFORMING ORGANIZATION NAME AND RODRESS | a : 10.- PROGRAM ELE 
School of ‘Education: =~ i, 2 fae % AREA & WORK 


Stanford University | : ane 
‘Stanford, California’ 94305 . 5 NE nah 376 
7 CONTROLLING BERGE NAME AND. aBORESS “a - ae ers REPORT OATE 


“Personnel and Training . Research Program __Septenber 1980 


"Psychological Sciences Division, ONR, 458 | > 


14, MONITORING AGENCY: NAME & ADORES (if diferent from Seaneilina Office) 15. SECURITY CLASS. (of thie report) 


UNCLASSIFIED 


NT. PROJECT, TASK 


ME 
UNIT NUMBERS 


. DECL ASSIFICATION [DOWNGRAOING . 


.SCHE 


“UNLIMTTED. 


° 


UNLIMITED 


18. , SUPPLEMENTARY ney 


fe 


‘This research pag’ Jointly. enensoced by the Office of Naval Research and 
the Defense Advariced. Research Projects Agency. 


f 
19. KEY WORDS {Pontinue’ on reverse elde it neceeeary and Identity by. block men biee) a a 


Individual differences, cognitive. processes, information processing, 
‘aptitudes, cognitive abilities, aptitude- -instructional, treatment ' 
inteesee sens: ; 


. 20. ABSTRACT (Continuezon reverse side If necessary and Identity by block number) : Ry 


Research on aptitude- -instructional treatment inteeactions has shown 
that the relation of .general ability to learning tends to increase 

- as instruction places increased information processing burdens on 

‘ learners and ‘to decrease as instruction is designed to reduce. the 
information processing demands on learners... This report summarizes 
‘a research project ‘aimed at exploring .and analyzing this result more 
deeply, through continued PREECE SE Une reviewing, experimental studies 


o 


DD yan, 73 1473 - EDITION OF t NOV 6515 OBsoLeTe iz ; UNCLASSIFIED 
: ; S/N 0102+ LF. Oha $601 - 


6. PERFORMING ORG. REPORT UMeER 


Ga chain a ate eo TY 
a SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entered) 


: 


"+ SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) . 


ability test “performance, al instructional. studies. of abili 
relationships. | ‘The research included: eye*movement measure 
cognitive performance. and introspective reports of strat 
ing cognitive performance, ‘:in addition. to conventional m 
‘error and latency. The’ principal : -implication.of this, ’p: 
_ exploratory work was that a cognitive process-based theo 
for learning from instruction could be attainable, if° CO! 
research could clarify the role of. executive assembly ani 
procesges in aptitude and learning task performance. 


=. _* 


a 


aie 
s 


t 


= UNCLASSIFIED: 
ae. | Secunity CLASSIFICATION OF THIS PAGE(WRen Date iatoree) 


a { «. 
. : “5 
ra 5 ro pI vs tos 
st a . 
Pa cares 
4 
° 
aa 


a _ ANTRODUCEION. 
=. BACKGROUND. - . 
7 Brief Histor? gad starting Byfothests.. eo 


saat 


ao 
ie rm “Abilities o a eo: « Sis 
o *. Instructional ‘Studies. r 


i * SUMMARY , CONCLUSIONS, AND, “TMPLICATTONS. 


‘. PR ‘ “ . « 


‘REFERENCES. e's 8 eee oe . 
7 4 4 si %, 
z ‘ mi 
’ . ‘ 
4 
"se 
. G - : a! + 
aod ae 3 ne 
. ‘ : ‘ 
. ee 7 
- . * 
4 : 
Si eae p 
a id . 3 « -  «@ . 
e ee . j + ee ee a 
‘ S a . 
: ‘ = ” 
chee > ‘ a ” 
a F o . . ’ 7 
‘s ” ‘ 2 ss 
Z oe ey. 
’ Dy Ge . a ' _¢ 
° , “8 a : 
’ 4 oer ba 5 
‘ had -o 98 ‘ ‘ Lin F 
7 ’ a 4 *e n° . 
_ ‘ . : : 
ee, - 
* . 7 : a7 - 
ra ha ¢ = % woo 
s es “x a) 
4 . e . at sd 
, « . 
7 a Ss > ° . 
BY 9 » = ‘ 
‘ Ne 2 > - : om Fe - 
. > S ' 
‘ 1” eget Me & te 
: : ; “8 : e 4 ’ o ne Cr 
a - 4 5 . s 4 . i aN 4, . i ary 
» - 8 o t 7 to ate > aS , 
> ? 8 ay oe « 
os a na ) : * : 7 Sins ‘ ~~ « 
cu » fn - 
» - ? = on . 2 »s ‘ ‘4% 
. : ’ ms e 2a 7 by 
a ‘ . . ey = 4 > y . ha 
“ . “ \ “+ 
1 i ‘ is oi: ols ny Tee 
fo 4 vie seeks - 7, mT re 
. : = ; 
* *e . ™ 2 od * + 2 
“ v . 2 ° . ¥ rN. 
. 3 . a ° - . 
4 ’ . > L < eo 7 . 
’ = . 
i Fy ‘< Py ° 3 ° - : . 
‘ * - J . . 
s \ : .? . = - ’ ote - a @ s 
. Fo ri . . ‘. og 
& ’ id a ” . 4 
2 : may > . . ro : : *, 
* Ee 2 $ : i ee 5d ies 
- a y ‘ * 
e * * . 4 Se . 
* . 
4 4 > ° id . 
- Fi a : 
; : ; 2 eS 
. td a * a 
‘ - “3 2 ‘ 
° ‘ ’ 
‘ . Ay . ; t 7 “, 
*. * . . 
x. é a ‘ty * ” : . - - “ee 
, 4 § € ‘ 
4 te . . . 8 : . 
> 4 : 
4 . . ° 
“9 e 
‘ > : 
z a 6 e ~ - 
oan ae , 
“4 . 4 
. . ry ’ 
. . bed . . . 
. ik . ek, < = we 
‘. : e . a 
ie a ne ba i . _ 
pare . . 
£ ’ a . 
. 1 ¥ . t 
Pads x t 
a 2 ‘ 
‘ ae 7 i ‘ 
= } 
‘ Pa . . . i Fs i : 
id &. ‘ . Le 
F ba ba bf 
* 3 * . : - 
2 . 
ve, ot = . s % i 


@ 
ERIC 


Introduction . ae ee 


i te oo . a ;' . é = 
> _ t 


; Individual differences among Learneds: constitute an important’ class -of . 
‘variables in research ‘on instruction. Their. ‘study has been of interest, ‘at 
‘least since Binet , because measures of . se ‘variables, ‘often called "aptitudes" ; ae 
usually predict: response to instruction. |There is renewed ‘interest. in this faet 
. today because. aptitudes: now appear often ) ‘interact with instryctional “eqnditions, 


i. Eas to. relate differently to léarning ‘outcome under , different “instructional 


_ Practical and theoretical ‘{mplications. 


“treatments: These” aptitude-treatment ee (ATT) - have importent 


: ’ The practical interest stems from the, possibility that “ch can. ee used 
3,2 to adapt instruction ‘to fit different learhérs ‘optimally. Previdus attempts . 
at. Andividualizing instruction have ‘generally failed to eliminate individual _ 
‘differences, in learning. guitomes. Actually, all attempts at, indivjdualizing - 
instruction rest explicity’ or implicitly on hypothesized interactions, between... : 
. some aptitude and treatment variables, : ‘but most -work ° on adaptive instruction ces 
.. has failed to formate such hypotheses explicitly or to study them directly. 
ATI can be used to assign. learners to differing instructional methods ‘or; 7 ; : 
sequences, providing a kind of "macroadaptation” ‘of instruction, as weld as a ae 
to guide and evaluate Scere approaches: such as those used in computerized 


¥ a> 


“4nstruction. , At eee s BP <4 — = 
. "ATL are of theorétical interest because they demonstrate construct 
validity: for aptitude. and learning OABUERs, and suggest ‘that common psychological - 

° processes underly both kinds. of, variables. . ‘It is ‘likely, that, aeitlier aptitu fe os 

constructs nor’ aeaening: pracesses can be understood fully without refétence oe 
¢ to the other. 4 Sou Cen ee i eo a 
, Navy training efforts, aoe difficult, problems, in assuring that. all: a a 
. trainees reach defined levels. of ° competence déspite pronounced individval ay 
, differences on entering trating. Research’ ‘on ATL: in” instructional settings 
is needed to “devise means of reducing - -these - problens. But more ‘basic research - 
- on aptitude-learning relations - is also needed ~to. understand the underlying 
. processes involved. _iIn. addition to” providing. guidance for: instructionai-level 
studies, ‘basic research ‘that analyzes, aptitudes - as cognitive processes in learn- 
ing performance may ‘provide suggestions useful in improving selection and per- 
Eovalane measures’, in equipment design, and in pursuing. the training of ‘aptitudes 


directly. - Further, = important ‘comnitive, processing distinctions ‘can be captured: 


= 


‘<) 
ERIC 


~ in new kinds: of aptitude’ tests, such measures: gould provide new vehicles for 
7 commerce between laboratory-level and instructionalrlevel research’ in Basit and: 
| applied. cognitive psychology. - ~ ts Vs we 3 —s me = { #3 
a This final ‘report briefly summarizes the research fimdings and activities 

of the aptitude Research Projects School Pe. Education, Stanford ‘University, 

~ during first, three-and-a-half ‘year phase of work’ on this problem, under ” 


~tcontra - NOOO14=-75-C-0882 with, the Office lof Naval Research. The’ ‘present report 
does” not attempt to reproduce, or revigy results or data from particular studies’ 
. in detail. It does provide. an overview of the project and a reference to... 
other more detailed reports and documents produced by the project doring the. 
‘years 1975 - 1979. Ra Pe a & MG th ok oat 
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: practice. They recommended that ‘future research pay increased attention to: 


veRreLy Ce Bee ee ie ate Se. So Mees Gee Ae ea 

Crénbach and Snow (1977) concluded that the existence’ ing ATI as -phénowena has 

- been clearly established. But, while some ATI findings are plausible and. some 
are replicable, few are well understood and none are yet applicable to “instru- 
tional. ractice. ees a ; 


The olume of ATI studies can, be arrayed along a continuum ‘from laboratory. 


experiments on “‘Andividual\differences. in earning; through small-scale and middle-. 


“range instructional experiments, to large curriculum evaluations, naturalistic 
“comparisons, and empirical case studies. If one constructed a frequency 
dist: ‘bution of such’ studies along ‘this continuun, it would ‘probably - appear 
more or less normal in’ form; most studies would fall in the middle range. ‘And, 
the. same form of distribution might be expected for instructional experiments 
in: general, not just for ATI studies. ‘Thus, the instructional ‘psychology that . 
has been popular for the last decade or two consists of short-term experiments 
, with a few controlled instructional variables aimed at testing fairly simple 
‘propositions. Such studies seek compromise between the need for, instructional 
relevance and the need for experimental control. . But most attaiii neither ‘the ; 
‘descriptive walue “of large-scale, jong-term naturalistic research nor the. 
‘precision and process. analysis of the ‘laboratory; inconsistencies’ abound 
-in their results. ‘Cronbach and Snow (1977). concluded ‘that the middle-range 


“studies were leading neither to theory nor: to generalizations useful in. 


1) The examination of the most ‘plausible ATI hypotheses in large’ scale, - 
long-duration, réal-school studies. This would allow a consolidation of 
efforts to establish a fet ATI hypotheses in, settings where they might 

. actually. be’ used. “The emphasis in the design of such research would be on 
representativenesé (Snow, 1974a) acd eeserspetou: a aaa 1975), rather. ‘than 
- on laboratory-like control. |” 


* 2) The development of methodology capable of handling the complexities 


‘e of such: research. ‘This. effort would ‘deemphasize the familiar significance 4 


testing ‘habits. of researchérs. in favor of. the description and analysis of 
complex relationships (Cronbach, 19763 Cronbach & Snow, maces ‘Cronbach’ & WERE 
mye f- 8 gS te, a 

. 3) The development of a laboratory science for. the analysis of aptitude 
tests and tearaine tasks; and the ATL constructs _ based on them (Snow, 1974b). 


This’ would complement the instrdctional studies with process analyses to ‘Provide 
ideas about possible underlying mechanisms. Embodied in newly understood, and/or 
newly designed | aptitude measures, these ideas ini ght then be conveyed to. research pe, 
in the real instructional settings where probaete practically useful ATI can 
_ be examined-and used. . r : 7 
_. The ptesent project defined gunk chae Osuld’ begin a long-term veudarch’ program 
aimed at these general objectives. The Cronbach~Snow book, which provided 
“much of the background ‘for the Project -had given an extensive review of the - 
instructional Aqt literature and of. improvements in the methodology of ATI .- 
research, ‘establishing the present “state of’ the art" with respect to points i 
1) ‘and 5: above. But it Provided only a meagre introduction to the need for 
experimental analysis "and Process theories ‘of aptitude for learning. indicated 7 
in. point 3) above. This project, then, ‘aimed: initially at point 3),. and the coordination 
. of research on points 1) ies A Point 2). was not a primary objective of this. 
work. “es . 


8 


a 


‘Brief history and. steeting seescthelas The idea of a: laboratory science for 
the analysis. ‘of aptitudes and. ledrning tasks is not new. The topic of individual 


differences in learning has been, of interest off and on.in experimental psychology 
‘since its early Gays. (See the historical review by Glaser, 1967.) In one form 
or another it has been suggested: ‘by, several contemporary writers (Gagné, 1970; , 
Estes, 1970; Glaser, 1973, 1974). “Glaser and Resnick (1972) gave examples of a 
variety of experiments that serve. related, task ‘analytic purposes. Some of the 
‘instructional experiments criticized by Cronbach and. Snow (4977) for their incon= _ 
" sisténcies and lack of generalizability are useful . if they are _reinterpreted as 
“suggesting only possible ATI mechanisms rather than probable generalizations to 
instruction. They might’ be combine’. with daboratory studies, arising from the - 
a a 
intellectual differences. (e.g.; Hunt, Frost, & Lunneborg, 1973; Underwood, 1973). 


ida psychologists ' renewed interest in cognitive processes. related to 


. These form a loose but growing collection of Provocative suggestions. Some use . 
experimental manipulations to examine . the construct validity of an aptitude. Some 
use: aptitudes to examine the construgt validity of learning processes. And some 
might generate new conceptions of aptitude and learning as a result.’ But there 

had “been no systematic compilation of. this literature or development of a theoretical © 
framework with which to organize further efforts. The last time an experimental | 
psychology textbook had paid any extensive attention to individual differences 


. 
= . 
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a research on individual ditercnces,” In 1957 Cronbach issued his famous call. 
ie for unification of ‘correlational and. experimental psychology. This was: the 
at ‘impetus for: the growth of ATI research on instruction through the 1960's. ‘But a 
except: for. the milestone. symposium edited by Gagné (1967), laboratory experimental © 
research on individial.differences in- ability “and ASREning | lagged vuntil\ the © - 
middle ‘1970's. No subacantiee connections between this work and ATI res 


on Anstruction had been consfructed. . . a ° 
. ‘Yet, there were important reasons for believing that: the ‘construction ‘and . 
‘analysis of such connections would be fruitful.’ A variety. of evidence from 
instructional ATI research implied that general ability differences: among learners 
* interact with instruction varying in degree of. structure ‘and control ‘exercised over 
information "processing (Cronbach & Snow, 1977). The general ATI’ hypothesis 
seems to ‘be that instruction is better for ‘high ability learners ‘as it allows 
chen to db more of the processing work themselves, and better for low ability. 
learners as it provides more of the processing work for them, or otherwise ; 
‘simplifies and controls their cognitive: activities: | The evidence had both an. 
_ ability and a preference or "style" aspects) since high ability learners often. - . 
"do poorly if structure is imposed on their works. i. Su; ‘the relation of bility 
‘to learning is sometimes negative ip. such ‘conditions, suggesting some kind . 
stylistic or strategic interference, or motivational turnoff. . 

The igstructional findings bearing on this hypothesis, however, were 7 
complex. pnclear,’and occasionally inconsistent. - . General ability measures are 
often varying, mixtures “of fluidranalytic reasoning and érystallized-verbal com- 
prehension; There are subsidiary. skills “suspected to ‘operate in some of these 
‘measures, reflecting speed ‘of perceptual processing, spatial, ability, and several 
types of memory, function. The ‘instructional ‘treatment variables that might 
provide such interaction also vary in character from study to study and remain. , 
poorly @iefined.. Structure is sometimes represented in conventional verbal instruc- _ 

tional ‘procedures, sonetimes in televised or simulated demonstrations, saa mal | 
‘in CAI. Findings. cannot easily be collated across studies where’ treatmenté 3 are 
a identified by such global. labels. Detailed task analysis of both aptitude 
, nieasures and instructional treatments was clearly needed, to. identify the 
cognitive information aaa Links that cia en an i acai for thé 
ATI effects. 
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colleges several such findings had come from research on: ‘military. eraining: | i 


_ with pictorial examples and a small-step programmed-instruction sequence,” ew 
Or by conventional lecture and practice. _ The Tv’ method, ° which structured’, 


for men below a score of 124 on aptitude. Among men above 130, the convential 


“Milita ary ATT studies. Though most of. the. instructional ATI studies ‘ns ” eee & 


ns supporting this “general. hypothesis had been conducted’ in public schools. or Pe 


These were of particular interest in the Present research. Several of these. = 


: etudles are briefly reviewed below, to- “give a flavor for the ‘Kinds of ATI | : - a 
. findings possible in military. training. | ag " 


‘Taylor and Fox (1967) ‘reported two studies, reo enlisted men. tee 


‘In ‘one, complex ‘plotting of military data was taught, either by television 


oo. F 
2 
uy 


and sinplitied the learner's task, was ‘superior _ strikingly. 80 ‘for men with; 


. low ‘scores on the Armed Forces ‘Qualification Test (AFQT). Though ATI was " 


ordinal, implying that TV was best for all men, the: high ability men did reason- 
ably well with conventional methods, and Tv is costly. | - Thus, training might 
be differentiated . with benefit, using "the expensive method . only for trainees 
in the lower-aptitude ‘range. The’ second © study taught military map symbols,> a 


either by allowing men to use a card deck in their own idiosyncratic ways or 


by a controlled sequence of presentation, response, and feedback. Free. pacing 
‘was best for all men but was particularly superior for high-ability trainees.” ; cae 
The controlled or ‘structured method showed a relatively shallow ‘aptitude-achieve- 


| / ment regression slope; this implies that the structured treatment might be 


improved specifically to ‘benefit. lower-ability men. 
. DePauli and Parker "(1969) compared a class of Navy sonar technicians ie 
a special training device with» 


. other: classes. given instruction with conven- 


tional equipment. There was substantial ATI, using a eoibiantion of the General 


Classification Test and Arithmetic Test as aptitude and. two measures of learning 
outcome. To understand. the interactions however, Cronbach and Snow (1977) revised © 
the reported analysis to examine regression slopes (instead se cored tations) and — 


mean differences simultaneously. The-training device gave much better results 


‘course gave better results. The Navy had been excluding from electronics train- _ 
: ing men scoring below 110,' but it. _appeared ‘that the. trainer would allow men at 
this level to succeed. The trainer was a simplified sec: of ‘edrcuits simulating - 
the main Tearunes of sonar sensors allowing a more direct and eleart’ match - 
a ee 5 \- 


> 


+ 


between theory and practice, and reducing reliance on verbal instruction. Pre- 
_ sumably, lower ability men had |diffiéulty with the more ‘abstract-complex con- 
ventional instruction, where: they .could not extract the basic relations for : 


- themselves. Since the traingr is much less expensive than the operational sonar 


sedneonet used in the conver, i nal course, the question remains open whether 


* the. latter has advantages fer! the trainer for. men of high* aptitude when cast is 
aa . ee \ 


considered: - - 
Edgerton (195s, 1956 


Se were taught eithe) 
q 


eported two | studies. In-one, sialic 
I by rote. or by. emphasicing explanations. a d 
uestions. From the reported « correlations, Cronbach and Snow (1977) computed 
rescaled regression. slopes | to show that verbal, reasoning, and fluency. abilities 
were more highly velated to performance in the. rote condition. Explanations 
apparently hejped. lower aptitude men, while higher-aptitude, men did not need them + 
or could -p ovide them for themselves, Reexamination of, the reported multiple a 
ae cas data suggested that the ATI probably. arose from the ; action of general 
en abilities seemed difficult to justify. But 


- another: study did show the. fun tion of special abiljties. The study compared . 


"verbal - : lity. Digtinctions be 


. ~perfornance’ of Weather observe aught theory first: then technique; with men. 
taught: in ‘the opposite sequence. Spatial, ‘reasoning, and £luency abilities . 
_Yelated more strongly to performance in the: theory-first condition, while verbal, . 

oe ‘number, and memory abilities gave stronger relation in thie technique-first ae 


 vebndteton. By subdividing criterion ‘items into. homogeneous ‘categories, more 


_f 


' detailed ae results were. obtained .: , These implied that the learning of weather | 
ee theory: requires reasoning ability if theory is taught ‘first; teaching technique 
first helps men. ‘low in reasoning ability to comprehend ater "theorétical content.: 
However, learning ‘the. techniques of weather observation. requires numerical 
- ability. if techniques are taught first; teaching theory: first helps: men low in 
nies numerical ability to: comprehiend, later content on techniques. Memory. ability 
, also correlated with performance on some itens, principally in the technique- ~ 

_ first: condition. Thus af this finding: were ‘to be substantiated it would mean 
a that men low in reasoning and high in nunierical: facility should be taught 
ae stechniques first; "technical ‘structure aids ‘later theoretical. learning. - Men - 

; shigh in reasoning | ‘and, low in numerical. facility should” be taught ‘theory first; 
© theoretical | ‘structure aidé later gear rca learning.” Multivariate methods had 3 
ro not. ‘been fully used. by. Bdgerton ‘in expipring this hypothésis’, so it: ‘is unclear 
what sequttice night be prescribed for jmen_ high. or ‘low in both abilities.- 
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. Other military stadteg: relating less directly to the above general hypothesis 
- should be noted in- passing also, for they served to provide. clues concerning ~ 


- related ieuaee: for the present research. Berliner and Melanson (1971); for 


. 


. example, had. compared CAL and. conventional. classroom instruction in, Morse 


, code for. army en istees. ‘of eleven scores obtained from -the Army Classification 


\ Battery, ten were negatively | related to performance in conventional ingtruction 


a 


; nition, and linear programming, using. a variety. of: ability and: ‘personality 


‘and nine were ‘positively related to performance in CAI. .All the correlations 
_ were weak, so further eect would be required to sharpen. ATI. But. negative 

aptitude-outcomeé slopes again suggest interference or motivational problems 
for high ‘ability. learners, w while positive aptitude-outcome slopes may suggest 
the. same for 1bw ability learners. It was noted. aiso in this study that.’ CAI. 


seemed to: accentuate. individual’ ‘differences in outcome, contrary to. the dsual 


premise about individualized Anstruction. > 


A range ‘of studies suggests that ATI findings cannot be “understood or F 
capitalized upon without tore detailed analysis of aptitude and learning tasks... 
‘Sticht (1971) ‘compared several versions of. audio-taped instruction varying on 
“speech rate and. amount of additional. information included... Men with low scores 


- on: the AFQT benefitted somewhat from, _the tapes with added information, but: 


"differences: were small. Nagel (1968) cotigared formal-impersonal and informal- 


. personal versions of programmed instruction on celestial navigation. - Navy \- 


. reservists, without prior experience ‘with: programmed instruction, or with the 
a ‘subject-matter, learned more from. the ‘impersonal style. The ‘methods’ were about 


equal for other men. "Federico. (1971) taught medical fiindamentals to military 


: trainees using programmed instruction, comparing audiovisual vs. printed versions . 


“ana' pretest vs. no pretest. | With AFQT as aptitude, there: peared. to be dis- 


 ordinal- ATI; the printed- version was better. for low abitity. inen; smwhile “the . 
audiovisual version was best. for high ability men. Gibson (1947). compared Air 


Force gunners ‘who ‘performed well or poorly after one of three treatments. » - Low 


- men in filmed, instruction had done considerably better than Low men in treat- 


: ments relying. on “manuals and lectures. This implies that film was. best. for men: 


of low aptitude. Research by Tallmadge and Shearer (1969, 1971) examined — = 


" performance in Navy. training courses on celestial navigation, aircraft recog- 


. 


‘measures. “No, important 1 ATI were found. _-Wallis and. Wicks (964) boda a Live : 


oe 


ha .°.. ; 
om a with two’ forms of programmed instruction on ‘eriacacaste using 


British Navy enlistees. A pretest: on mathemat cB correlated strongly with 


Po 


performance under programmed conditions and nét “at all under live teaching | 


conditions, suggesting a sErong. disordinal ATL. o 
SS and Research Approach Ss . . 1 
Given this background, the project ‘had three main objectives. 2 
—_ 1) Carry on the’ literature review, begun above, to reach a specification 


oe the major kinds of individual differences in aptitude presumed to be influencing 
learning processes and hypotheses about their relation to one another and to . 
manipulable: characteristics of. instructional learning tasks. The zEveew was | 
- to concentrate, ‘particularly, ‘on the general ability-information processing | 
. ‘burden hypothesis outlined above, using both. laboratory research to suggest 
possible mechaniéms that might underly instructional ATI phenomena and other: 
: ATI findings. derived from instructional studies to organize these suggestions. © 
. It. ignore? . research. on individual differences that could in no reasonable way 
be construed as xelevant, ultimately, to instructional learning. ern 
- 2y Conduct a series of experiments absi'gned as task analyses of individual 
dl ffefetices in aptitude ‘for learning, with the ain of constructing an information | 
processing model: of general ability and its: najor constituents. Such. experiments: 
= would manipulate stimulus conditions .expected to control’ either. information pro~ 
cessing activities an aptitude test ‘performance, or the. relation de aptitude toute 
to ‘sope stage of processing. in: a learning or Performance task, or the relation y 
‘between aptitude tésts’ purporting’ te meas ure distinct but. sintlar constructs. - 
They would be designed ialéo to explore the Value. of. collecting q e; movement » . 
i tracks during performance and: introspective, accounts by subjectd! as ‘well as. 
"error and: latency measures , as data for’ the purpose of. aptitude process analysis.” 
3). Conduct: real ingtructional experiments: designed to replicate and/or :. 
elaborate ATI hypotheses suggested by. the > literature as dened fying | Processes 
“underlying particilar ATI ‘phenomena. = 
The. ‘expectation was that exploratory: analysis of ‘both aptitude. measures ° 
‘ and instructional learning tasks: would ‘allow: the identification of common Prom 
a cessing. links to account for the molar aptitude-learning ‘relat ships. © It was 
2 also expected that: ‘results would suggest how: aptitude ‘tests and ‘learning . tasks 3 
_ might be redesigned: to sharpen the measurenent’ of PECCESE variables involved 


as such relationships... ‘ _ 


‘ 
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Results and Discussion 


mu . 
ed analysis of ATI ‘by the existence of outliers.’ Provisional lal to both | 


- problems were. demonstrated. 


project! 8 continui fg: review = this domain. 


This section is organized under three ‘headdueds a eeusoediae to the’ three 


- main objectives of the project. * summary and conciugions section then com 


. pletes the overview. Bott ed a 


‘Review _and reanalysis of literature and’ ‘methodology. Technical Report 
No. 1, (see Snow, 1976a) attempted to bring the literature | ‘review of instruc 
tional ATI studies, begun originally by. Cronbach and Snow - -(1977), up to date. 
with respect ‘to ‘two hypotheses. One of ‘these was 7: ability - i. 


-dnfornation processing burden hypothesis that provided the main focus of. the 


present project. This was “termed the G heh, complex, to signify that the. 


- general ability. construct is typically thought to contain ‘fluid, crystallized, 


and wisualization ability constituents. The other hypothesis concerned 


evidence that anxiety, | achievement via independence and achfevement . via con- 


 formity. were motivational ‘aptitudes often interacting with instructional 


' treatment contrasts characterized as structured vs. participative, or con- 


forming vs. independent , or teacher-centered vs.’ student-centered. This was 
termed the ‘AAA complex. While personality and motivational aptitude 
‘constructs ‘and associated ATI hypotheses: were. not to be a focus of | this first 


" project, it was “recognized that ‘ultimately their involvement in the cognitive 
. -aptitude-learning network would need to be ‘recognized and investigated. Another ra 


review chapter ° ‘(Snow,” 1978a) added — studies to che summary of. evidence 


“bearing on both. these aptitude complexes. 


Technica} ‘Report No. 1 also reviewed two methodological developments . 


“a4 ‘pertaining. to instructional ATI research. _ These concerned the. need to. sepatate 
ba en and within-class regression components in studies involving a 
; ; 


tiple classrooms, and the problems: posed. for these ‘and -other ' ‘regression 


1 


Finally, ; Technical Report No. lh reviewed ‘research hearing ong laboratory e- 


"+. sedence | of. aptitude "processes, under the headings of "initial- stimulus pro- 


“cessing”, “short term memory" . pediation and transformation" , "reasoning and -- 


problem-solving ', "strategies and structure" ». and "response integration and ° 
rétention". -This was~admittedly : a ‘first cat, but it formed a basis” for the 


. 


a ; ~ 
ay . * c : i 1 ‘ : 2 


‘ 


Technical Report ‘No. -2 (Snow, 1976b) continued the review of laboratoTy 
research, concentrating on ‘theoretical and methodological dasuew, » tt examined | 
various starting assumptions ‘for basic research on aptitude processes and derived 
hypotheses and some further. methodological principles from a review and com- 
parison of factor analytic, associationistic, information processing; and 


psychometric models .of aptitude. : : . oe, ‘ 


. . we 


_ Technical Report No. 2 also proposed a research strategy for programs 
of work in this area. It suggested that future research be sensitive to a 
distinction between four. types or levels of individual differences in cognitive 


processes underlying aptitude and learning performance. Provisionally, ., 


. 


‘these were identified as: p-variables ' teflecting individual diffekences in 

- the efficiency or capacity of particular processing steps or components; . 
‘acvariables representing ‘individual differences in how a sequence of processing 
steps is organized; r-variables ‘identifying individual differences in the . 
inclusion of different components or processing routes; and s-variables including 
individual, differences in the averall summation or strategic assembly and 
adaptation of processing. across parts of” particular tasks. The suggested - 

7 methodology followed @ general multivariate SRR paradigm. Guidelines, were 

of fee -regarding ‘the selection of aptitude constructs. for analysis, the use 
of. -reference-aptitufe factors and exploratory correlation. analysis, the 
_ conduct. of task ‘and” componential analysis, the inclusion‘ of learning 

, “sample tests, aptitudé test revision,” and, ultimately, demonstration of new 

_conceptions of. aptitude in instructional ATI eiudtee _ : ; 

‘Finally, Technical wa No. 2. included a seview and critique of studies. 

of short-term visual memory, | to™ demonstrate how various theoretical and 

| methodological principles previously discussed might be applied - concretely. 
Some. Process hypothesea ‘and possible instructional applications were discussed. 

Some later technical reports from the project took up. “particular sub- 

" stantive or methodological points for more detailed consideration. In - 
Technical Report No. 6 (see Lohman, (197%), correlational research on the . 

; relation of ability and personality variables was discussed, focussing particularly 
,on reported relations between ‘speed;of-closure, abilities and ‘hypnotizability. 

‘a Problems of nonproportional sampling in inflating ‘such correlations, and 


ube methods of correcting for. such. biases, ‘were explored. 


ERIC 


Technical Report No. 8 (see Lohman, 19798) provided’ a detailed review: 
and reanalysis of ‘the correlational literature on spatial ability. It had 
been recognized that the traditional hierarchial model of cognitive ability | 

ip factors was particularly vague in the domain of - ance visualization 
. abilities. Thus, this work sought to clarify the major dimensions in this 
: _ domain and to derive ‘hypotheses about processes underlying these dimensions. 
— It was concluded that three factors could’ be distinguished: | spatial relations, 
involving speed of performance | on simple mental . rotation tasks, with or without 


the actual: use ‘of mental image rotation processes; 8 atial- orientation, “involving 


imagined reorientations ‘of self-object relations in space to produce different. — 
_" perspectives; and: visualization, involving relatively unspeeded performance © on . 
/_ complex mental transformation,. construction, and matching tasks, .with or without’ 
the actual use of mental image transformation, construction, or matching - 
., Processes. It was. emphasized that tasks designed to measure ‘spatial abilities, 
éspecially- complex and relatively ‘unspeeded tasks, are open to the se of. 


. " alternate solution strategies some of which are based. on ana 


, Saxbal rather than purely spatial Processes: OP enh 
. The report conceftrated also. on the distinctich between speed and level 
(or power) measureménts ‘and: the nature of ability construgts based. on them.. 
a “It was shown that speed. and level factors do snot connect well with one. another | 
or with other consgructs in a hierarchical model. ‘ef ability orgengzatson.. Speed 
; 3 dele oe%¢ 2P. | 


and. level abilities appear aS be relatively independent, and process” 
‘such abilities are qualitatively distinct. 

Other ‘expioratory ‘correlational work was begun’ using” a supplement ” ‘to. this: , 
project: received late in. the contract period. “it sought to examine further the’ 
‘organizational structure of visual memory. and * yeasoning ‘abilities. It. also ue 

7 reanalyzed previous correlational data on ability-learning relationships. Since 
. this work was completed largely within a subsequent contract. and second nyeree 
of the Aptitude Research Project, it ‘wll ‘not be reviewed here. i oe 

‘Finally, in this category, ‘Technical Report No. 4 (Snow, 1977a) Sniaed = 
‘a. general discussion of individual differences in aptitude, the implications . 
of an individual difference view for the construction of | instructional theory, 

aan and. the” ‘use, of. information on aptitudes -in inatructional geaten: 2 gs a 


les 


oy, 
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Experimental analysis of fluid, crystallized and visualization abilities. 


Several different kinds of experiments _ were conducted to explore the kinds of . 
"measures and ° research designs that might be ‘useful in process analyses of . . ‘ 


aptitude. Most sought to Peeeoer Process hypotheses about one or tiore of the ; \ 


rd 


major constituents of general’ ability -~ namely fluid-analytic, ‘get atceeyatal ined 
and spatial visualization ee -- or to distinguish among them in process 
3 * t z e 


- . e 


. terms. , + . 


Technical Report No. 3 (sadW, Marshalek, & jeans 1976) summarized a_ . 
first attempt to investigate the relationships between" ability constructs and 


informati processing parameters. ‘Chiang and Atkinson (1976) had administered 
visual search, memory search, and ‘digit span FASKE to 33 Stanford students. 
‘A total-of 25 of these, students were administered a ‘battery of” traditional 
ability tests. ‘and several film tests developed by Seibert and Snow (1965). One “os 
-of. these film tests was designed to produce a backward ‘masking effect in short - 

] term visyal memory. Ability tests and derived factor scores were then correlated 
with the intercept, slope, an and digit span parameters from the Chiang and’ Atkinson 

~ (1976) Study. In general, correlations between ability tests (even the short 


= ; 
\ ~ term visual memory film tests) and information processing parameters were vo 


low. - The interpretatidn of these low correlations laid the foundation for. 

-, most .of the other studies conducted during the first phase oF the project. .In 
particular, the. results of this exploration. suggested that a) future investigations 
‘would have to look beyend (Simple information processing tasks to develop an. 

. adequate explanation ‘of: perdtal abilities; b) faceted tasks were needed to - 
increase complexity: in a. systematic manner, and ct) a major source of individual — 
differences in’ general | abilities might be found in executive assenbty and 

control processes, and strategic adeptations:. = ita. e, 3 t 

. Since the ‘first. exploratory study’ of : individual jie feveucds: in information os 

a processes, (above) - suggested that. ‘the method of correlating information ‘prodegsing 
parameter with ability constructs was . not likely to yield much insight into | 

" | general ability constructs, the . second experiment focused directly on ability 
test, performance... Aptitudé information’ ‘provided by the ‘project’ 8 aptitude 

reference battery (Snow, et al 1977 ; ‘see also Snow, . 1977b; Marshalek 1977) 


a was used both to select. subjects and. tasks, for this. experiment. ‘Futther; the: 


potential of eye. fixation tracks and meErOepece = ys subject: reports for research: 
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on aptitude process was explored.. The fires fli. of. ihe: study tavelved 
interviewing 123 Stanford students on the st tegiés ‘they employed when polying 
items on a selected set of tests administered. as part, of the. Feesiee battery. 
These reports were used to soteeruct checklists of, strategies for each of eight: a 
tests that spanned: the ability space from Gy through G, ‘to! G. - Six | items from 
‘each of these tests were then administered, Me 48 students ‘From the high school 
reference population-of 241 Palo Alto high school students.” Eye fixation tracks, 
‘errors, and latencies, were obtained for éach item) along with retrospective ® 
subject reports of solution strategies on ubset of the items. -  — < 
'. The analyses of eye fixations es the two experimental tasks . 
_ that hadNiighest cor lations with corresponding reference tests: Paper 
folding and Yocabuléry. ‘Lohman (1977) presented a preliminary repor of the | 
analyses of igs: eye \fixations. - ‘Additional analyses were reported by Show (1978p, 
1980). For the Paper Folding test, major findings _ were:} a) patterns of eye 
_ftxatdons varied markedly acréss items, especially as item “difficulty increased; 
_b) high ability students i 


. : ee : : LY 
’ figures before: looking at the response alteyhatives, and c) the : two general 


y spent ‘more. time studying the stimulus , 


strategi¢s tHat were used by most subjectp were constructive matching (working 
" forwards) and response elimination (working . backwards). As expected, patterns 
of eye fixations on the ‘vocabulary ‘items shared | less.- systematic. variations, in 
sqlution | strategy since individual differ nces in vocabulary are ‘largely memory . 
based, - and not obtainable from item inspection. Nonetheless, some strategic 
differences were noticed even™ on. the verbal task. Overk11, it was “concluded 
that the. analysis of eye fixations could significantly contrite to. an “under- 7 
‘standing of problem solving processes -of relatively. short duration... 
The analysis of the retrospective reports gathered after the exper iment 
was reported by Yalow & Webb (1977). They xcomputed 13 specific responses on 
’ the trategy check lists for four tests: Paper Folding, ' Farm Board, Vocabulary, » 
and Verbal Analogies. They found that high ab lity students reported often. 
‘knowing’ the-answer before examinin; the alternatives, while low ability students 
reported spending more time evaluating ‘and: eliminating alternatives. Further, 
. low ability students reported more internal verbalization, had less: confidence 
in their answers, and, consequently, guessed more frequently. Students: of. 
“intermediate ability reported using specific spatial strategies more frequently 
_ than either high or low ability students. Correlations between’. the 13 strategy 


indices suggested three maser dimensions: a) the tendency to construct a ‘Tesponse ” 


“ : ee ‘a ou ‘ 
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from eater analysis of the stimuli before dockins at the alternatives, ts Cer > 
the constructive matching strategy, b) the. tendency to analyze the response 
alternatives, i.e., the: response elimingtion strategy, “and c) the tendency to 
solve problems by intuitive or impressionistic rather than analytic methods. 
pocmicet Report No. 9 (Lohman, 1979b) pursued the results af the literature 


' reviews summarized in Technical Report No. 8 (Lohman, 1979a) with an experimental 


least partially nonspatial strategies. 


inVestigation of the relationship between speed and level: ina faceted spatial 


task. The study" demonstrated “that individual differences in speed were largely 


'__-dndependent. of level scores. Further, mental ‘construction was experimentally and 


x 
correlationally distinguished from mental~ rotation, and various combinations . 


of these spatial skills were related to factors such as closure speed, perceptual — 7 


speed, spatial relations, ‘and visualization. The study also found that individuai 


differences in task latency were generally ‘related to individual differences ia 4 


in verbal ability even though. correctness on the task and its facet§ was con- 


sistently related to spatial reference tests. These and other results strongly | 
suggested that many subjects were able a this spatial task using at 


. 


This finding was pursued, in. the ‘Final month of the project: through 


an experiment that. attempted to manipulate solution ‘strategy directly using 


studies,: a faceted p 


items were presented ne at a time while on other items. oe entire item: was | 


‘another, previously See spatial test: Paper Folding. As in previous 


ex, folding task was constructed to manipulate item complexity . 
eystematicall, The: experiment also contained two’ experimental manipulations, , 
y: 


designed to eye lution strategy. First, the seimtus: parts of some 


visible simultaneously. Further, on some items multiple choice _response 

alternatives .were presented while on other items the subjects were required - 

to construct their. answers. _It nae that the successively presented | 
te 


items. and. ‘those. requiring a construc response would be less susceptibib to 


nonspatial strategies than ‘would ‘similtaneously presented ‘items or ‘those with 


multiple choice alternatives. : Lo a eo 


In addition: to. these within-pubject matipuilattons, subjects were assigned 


to one, of three strates training: treatments, Some subjects -viewed a film that., 


visually demonstrated “tire process. of, mentally folding, Punching, and: unfolding 7 


‘2 piece of paper. ‘The. ‘second group was aught a. strategy for coding Yand remembering 


» : . 
, 


¢ . 


ae - = i he mo 
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the sequence of folds, while the third group received practice in solving items 

with immediate feedback. ‘The expectation was ae these strategy treatments 
“would be differentially effective Z 

tested” spatial and verbal abilities, and for different itens, depending. on, their 


different subjects, depending on ‘their . 


difficulty, mode of presentation, and mode of response. This study was. 
initiated under a supplement _ to the Present contract, and is being completed 
‘under the new contract, ‘in the second phase of the. project. 8 
tnt eet we designed under the first contract for: conduct ve / 
under the second contrast. The study continues the investigation. of general — 
ability as played on tests of analogical reasoning. It ‘combines the type 
of facet analyses employed qn previous experimental tasks with the met -hods of 
compohential analysis developed by Sterrberg (1977). In addition, eyé fixation 
. tracks are recorded while subjects sdlve a sampling of the items. Thus, > 
this study represents a ‘convergence of experimental methods developed during 
previous studies with those advocated by Sternberg (1977) and eappieee to the 
type of geometric analogy problems studied by Sterfiberg, (977) “and Pellegrino 
and Glaser (1980). It 18 expected that analysis of patterns of eye fixations —_ 
. will permit clearer discrimiffation between the major competing information. pro- 
| cessing models of analogical reasoning. Further, the faceted item construction 
approach used in the present project should remove some ‘ambiguities from the 
eomponential analyses of "Sternberg s (1977) previous study, since predictors 
for the various models. will be ebjecetvely determined and more nearly orthogondi. 
Finally, the study includes a wide range of item difficulties as well as*both 
two and four, alternative items. ‘this should make performance on the experimental- 
‘task more closely resemble Perso ruanee on standard, psychometric tests of analogicaY 
_-‘yeasoning. ; , -X : 
7 Instructional studieS. Three ihstructional studies were conductga within 
the Project -, Each was. designed to explore one or more. aspects ot aptitude 
: processes ia learning from instruction to characterize the*kinds | “of complexities 
theory construction would have to face. They were designed to replicate or 
‘elaborate ATI hypotheses, mot to- “test hypotheses derived from laboratory” ‘analyses 
of aptitude. processes; their aim was to connect with and to y here aizeck those — 
. analyses. 5 4 : , 
/, * Technical Report. No. } (Webb, 1977) involved. a comparison of individual e 


learning conditions = smali group learning . conditions in instruction. on | 


ry 


7 
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nathenatical neebied solving. Within the small group conditions, . uniform 
ability groups and mixed ability groups were compared, by assigning membership 
from three general ability strata. Prior evidence on these contrasts is 3 Meagre. 
~ Yet. individual vs. group learning and the optimal mix lof ability levels within 
‘a group, appear to be baseline questions for instructional psychology and for ATI” 
research. Results showed that for low-ability students, mixed-ability grouping . 
“was best, individual learning was next best, while uniform-ability grouping was. 


worst. For medium-ability students, the order ‘yon best £5 worst conditions was: f. 
uniform-ability grouping, individual learning, and mixed-ability grouping. " High- | 
ability ‘students performed equally well after learning individually or in mixed~° 
ae “groups, and less well in “unifotm-ability groups. More importantly, 
group process observations showed that in mixed-ability . groups, ‘high-ability 
students explained’ to less-able members}; they did not do ‘so when grouped with . = % 
other: highs. - High-ability students who took the. role of explainer showed excellent 
delayed’ performance, while low-ability' 'studénts wha received such explanations. : 
did better than ehoge who did not. Hediuur ability students tended t& participate 
most actively in uniform ability groups: ‘and ‘did their best. when in those 
conditions. .Thus, t . effect of the instructional. setting depended on the ability 
of the student, the ability of the student relative to teammates, and the role . 
the student adopted in group interaction. ’ 
Technical Report No. 10 (Snow, Wescourt, & Collins, pai sought to con- 
struct a correlational ability-learning network to include“measures of aptitude 
: , before instruction, leaining activities during instruction, overall learhing curve 
characteristics, and learning’ outcome. Interactive computerized instruction | . 
_ in computer programming language served as the learning vehicle. It was found 
"that individual differences in learning increased substantially over 15 hours of. 
instruction, and that these ‘differences were significantly predictable from 
.aptitude information av ilable one-and-a-half years before entering: the course 
of instruction. ‘It appeared. that performance in the coyrse was. highly related — 
to fluid-analytic ability, and. to a personality variable called “independence 
“flexibility", but was not related to ‘verbal-crystallized ability. Learning . 
activity indices 5. quantified from the protocols maintained for each: student by 
the computer, showed relations to aptitudes, learning ‘curve characteristics, 


and learning outcome. ‘The patterns of E relationships in the network suggested 


if 
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Be that the earning activity protocol approach could be used to define learning 


style differences amdag computer prograiming , students that of feted a more detailed 
account of aptitude-learning relationships. “ + 
Technical Report No.rl2 (Yalow,’ 1980). tested the geteral ATI. nyrpachesia: 


and a differantial. ATI hypothesis that hontrasted fluid-analytic and verbal- 


: i 
crystallized ability, with a\ two-week instructional. program in economics. Three 


alternative instructional treatments were contyasted. A minimum treatment provided . 


only bare-bones exposition of supply-denand and related principles and thus 


demanded substantial elaborative information processing on the learner's part. 
\ 


- Two elaborated treatments provided either verbal explanation and exercises or | 
prenecn exposition and manipulation. ~Both immediate learning and 


tention measures were faceted tests, to allow distinction between verbal and 


figural, performance and between concept learning and problem solving. "is 


The general’ ATI hypothesis was replicated on the immediate posttest. Apparently, 
the iystructjonal treatments that compensated for inaptitude by giving less 


able learners ~the elaboratae structure and directions they needed, also obétrtcted 
to some extent the progress of more able stutients. ATI peddle were similar 

for. both direct learning and problem-solving, The differential ability effect 
was “slight and nonsignificant .-, Its trend soggested that-verbal elaboration vas 
somewhat better for. students with G pability: greater than ‘Ge, ability, while 
figural | elaboration was a-bit: ere for ‘students with Ge ability. greater 


a ‘ 
- than C. ability. Were. it sharper this. tesult “ would favor a capitalization or 
We tevenenebal hypothesis. (see Cronbach & Snow} 197 ): one does best with . © 


instruction that. fits one's errenetne: Verbal el boration particularly helped | 


-verbal ‘posttest performance while. figural elabo tion i parcinelatly Retped figural 


e ie 


posttest performance. - 2 . Be Se to ‘ 


On-the delayed - test, the ATI: effects ‘diminished or disappeared. More 


“importantly, the minimum treatment produced. by: far the best retention, especially 
‘for students high on a ability. Figural elaboration was particularly bad 


for. the retention of ficirdl posttest: performance. On this part: of .the test, 
the verbal elaboration treatment, almost tched the positive effecte of the 


~ minimum treatment, ‘for almost . all: students. Toa lesser extent , verbal elabora-_ 


_ tion was relatively bad ‘for the. ‘retention of verbal. posttest... performance. ‘The. 


problem subtest, however, still showed ‘tthe same though nonsignificant ATI: pattera 


"on _the-delayed test ‘that it: had ‘shown on the immediate test. 


2 | 4 ae —_ 4 
- The implications deserve more accadied Salyoies: Tf only immediate 

‘achievement is considered, and aptitude ‘is ignored, then elaborated instruction | 
appears beneficial. If general ability is added to ‘test ATI, then elaboration 
appears to help less able learners but is not optimal for hore able learners. 
If one must further choose a particular form of elaboration. to give to less able. 
learners, it: appears best to match the form to the learner' 8 relative strengths. 
‘ However, when: retention is considered, all this changes. Un®laborated instruction 
is best for almost all learners, but particularly for: students high in crystallized 
verbal ability. — And, here, if one must choose a form of elaboration, it appears 
best to aenatek che form with ay student! 8 differential ability profile. Apparently, 
retention requires a “degree of ees organization that is best promoted, fom 

a given individual,.by instruction that is incomplete for that particular individual. 


Thus, if instruction deen too much for students, the resulting achievement may ~ 


« 


be too o weakly, or narrowly organized. ‘ ‘ : . . 
: 
“Summary , Conclusions, and Implications FF ‘ 


The starting hypothesis for this pepject was thdt instruction appears dekeer 

for "high ability learners as it allews*them to do’ more of the information processing. 
* work involved in learning for themselves; and better for low ability learners as it 
provides more of the processing work for them by ssmpitty ng. and controlling their 
Bepntetve activities. It seemed clear that individual differences come into play 
upon situational demand. . ATI. research has continued to suggest that the relation , . 
of such general: aptitudes as verbal-crystal lized intelligence and fluid-analytic 
intelligence to learning outcome increases with the informatio processing demands ip 
of th instructional ‘task. It algo seemed clear that am ras task demands 
_ should be understandable in the same terms as the demands involved in performance 
oon eeneral aptitude tests. , : - a toe © 

- The project aimed to open up this hypothesis to analysis, by examining ‘| 
further the past instructional ATI research and conducting selected new instruc- 
tional. studies, combined with a series of experiments that would pursue process 
analyses ‘of the phenomena thought - to underly ability-learning relationships involved 
in ATI. A central. concern. of these process~analytic experiments. was to examine 
the ‘distinction between fluid-analytic, verbal-crystallized, and visualization a 
abrhetses as constituents of general intelligence. 2 

: The initial hypothesis continues to be sustained _ the results conducted 
within. this exploratory project. The .results also make ‘clear that the psychological 


"phenomena involved are too. complicated to yield to simple generalizations applicable 
me ~ Se cae | ; 


tin instructional practice tousetous! but that fact | was already known. ie 
chas been determined ‘by the project can be summarized as ‘follows: 
a © Factor analytic and multidimensional scaling analyses of old and 


new’ Y ability correlation matrices continue to show the characteristic Guttman 


Radex form. Constellations of mental |tests corresponding to traditional ability. 

‘factors can be identified, but the siiooth transition from peripheral to central : 
; abilities suggests that the traditional factor model will not fit current 
theoretical needs. The distinction. Between tests requiring sequential digital 
symbolic processing and those involving more holistic analogical iconic processing 
does’ seem ‘to be borne out, however. The tendency for tests of increasing. complexity _ 
to correlate increasingly with a: general factor can be reinterpreted to posit 
the involvement in more eomptes teSts nf "executive assembly, and " control" 


, 
processes. _ gs .. 


eer, Evidence fron several studies suggests ‘that it, may. not be possible 
to “gustify ‘in process terms the factor analytic: distinetions between fluid- 
vaniyeie ability (G,) and complex visualization ability. (GC )3 ‘the distinction 
between these and complex verbal-crystallized. ability G, ) is somewhat clearer, 
but not certain. ‘Factor distinctions may have’ heuristic ise in thinking 
about instruction, | ‘but are not conutabently distinguishable, either in corr latdonal 
Studies or in laboratory experinchts. It appears thaty as ‘complex tests stew 
alternative processing sqvategies, their score variance reflects ‘a mixture of “ - 
'- individual differences in these strategies and in shifts among them. Traditional 
ability factor distinctions cannot capture or partition this complex. . 4 
.  ..3.° The problem is even mor® difficult because speed and level. of performance 4 
appear psychologically ‘distinct. G, measures divide into those that emphasize - 
‘complex power performance and chode involving simple speed performance. « These 
have quite different ore in the ability domain: level or power scores on. 
coniplex spatial tests corrélate with one another and with Ge. tests, declines in 
level scores over different kinds® ‘of ‘item difficulty correlate. with different 
‘kinds of spatial . tests, while some speed scores correlate with verbal ability 
; measures. e, — aS : . a 
se . Exploratory 2! studies of eyemovement differences and. introspective reports 
devine ability , test performance suggest that one important strategy difference 
ra involves a "constructive matching” approach’ as opposed to a “response elimination" 


« 


ENC | 


“kind of cognitive organization neéded for retentiort ‘might not be benefited by. 


": elaborated treatments. ‘Another’ study, of. a computerized | interactive 15-hour 


Ss ments * ‘The aptitude-learning correlational. networks ‘thus: produced: aay. provide : 
"an Important guide to. ‘task analytic: experiments searching: for common “Process 
. Linke... finally, a third instructional experinient ‘suggested | that’ the ube of © 


. 4s 3 ‘applied to teams or groups... a eee: a 


approach te coiplex test items pe both verbal. and apatial ‘téste, “An index of = 


- degree-of constructive matching based on -tatrospection réports. correlated ' 
glgnificantty with’ 20 of: 35. ability. tests, ‘and principally the more complex: tests. 
“©: Quantifieations ‘of. eye movement track and introspective report | differences’ showed . 


cc potential usefulness. in research on ‘individual differences in. information processing: 


aS ‘Tnstructicnal studies: persist ‘in showing the strong. relation.of, general . 


abilities. to individual differences, in leayning. “One study replicated the . 


general ATI hypotiesis, that elaborated ‘instructional’ treatments ‘help ‘low ability . 


" dearners, not. ‘igh ability learners. ‘It, also suggested, "however, “that the as 


_yreourée: on computer, ‘programming, ‘showed that a. ‘combination of Ge. aptitude -and : 
“a: ‘personality: variable called "{adependence-flexibility" predicted individual 
“4 differences. in learging,. ‘while G aptitude did not. It also demonstrated that 
*), Tearntag activity variables - ‘teal be developed to. index: individual differences ‘e 


to in learning that “in: turn related: both to “prior aptitude and subsequent. achieve- - 


a 


"aptitude information, in Anstructional research and. development must. take the : 
~°, learner' 6 ‘initial ability, the mix of. ability ‘in ‘that peréén' s* group;, ‘and ‘and 
the role the person. ‘takes: ‘in group “interaction, into. account. _There is,. tn, ‘ghort, ’ 


a social psychology. of. abtigude, to: ‘be reckoned. with whenever - ‘training or “instraction. > 


‘3 


- 


jThis was. an’ exploratory project.” “The overftching iuplization of ‘the Literature 


_ reviews, t the’ "inetractional studies, ‘and the laboratory. experimental , work. dis. 


Pa 
that a protess-based, ‘theory “6. aptitude for leafning, from, instruction ‘can'be 


“reached -byfurther reséarch:. _ Such. research must, however , jdemonstrate and: ‘analyze 


O athe ‘role ‘of executive assénbly: ‘and ‘conteal_procésses, \ as: ‘yell,as that of. "elementary" 
oo protéss | parameters Mn ‘order; to: ‘connect aptitude differences. with ‘earning, aifter- ae 


epices ‘urider, ‘instruction: © Work: uber - the présent contract: producéd. suggestive: “a 


gut: thé. sature of. ‘this aptitude= cogesedehiéivement, “Link: Ah ‘second... 


phase. ‘ok the Aptitude Research: Project will “heed te O°. Pin down this ‘hypothésjs" in: 


+, berms ct common. ‘to. aptitude. test performance and instrictional task ‘performance. o Cg 
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